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THEME: INNOVATION OF MOTION AXES OF A LASER MACHINE 

ABSTRACT: The main a im of the thesis is to enhance the mot ion axes of a laser machine 

wh ich is avai lable in the KSA laboratory . The major p rob lem to o v e r c o m e is to improve the 

feed rate of exist ing laser machine and cut d o w n v ibrat ion p r o b l e m . To o v e r c o m e this, a 

detai led study of dr ive mechan isms wh ich can used on laser cutt ing machines and an 

overv iew of dif ferent laser machines in the market has been thoroughly s tud ied . From this 

research, t w o possible variants w e r e cons idered , one of wh ich is about enhanc ing the exist ing 

drive type (ball screw) by work ing on the parameters wh ich wi l l help us achieve the required 

feed rate and the other one is the change of w h o l e dr ive type (linear motor ) . Finally, an 

o p t i m u m solut ion out of the t w o drive types has been chosen after thorough analysis of these 

drive types. 

KEYWORDS: Laser, Laser Cutting machine, linear drives, ball screw drive type, Linear 

motor drive type, Feed rate, acceleration, diameter, pitch. 

ABSTRAKT: H lavn ím cí lem práce je úprava p o h y b o v ý c h os laserového stroje d o s t u p n é h o v 

laboratoř i KSA. H lavn ím úko lem je zvýši t rychlost posuvu stávaj íc ího laserového stroje a 

odstranit p rob lém s v ib racemi . V prvé řadě byla provedena důkladná a p o d r o b n á studie 

p o h o n n ý c h mechan ismů, které lze použ í t na laserových řezacích s t ro j ích , a vyhotoven přeh led 

různých laserových st ro jů na t rhu . Na základě t o h o t o p r ů z k u m u byly v y t v o ř e n y d v ě možné 

varianty, z nichž jedna je z lepšení stávaj íc ího typu pohonu (ku l ičkového š r o u b u ) ú p r a v o u 

p a r a m e t r ů , které nám p o m o h o u d o s á h n o u t p o ž a d o v a n é h o posuvu , a d ruhou je změna ce lého 

typu pohonu ( l ineární motor ) . V závěru bylo po důk ladné analýze t ě c h t o t y p ů p o h o n ů zvo leno 

opt imáln í řešení pomoc í dvou t y p ů p o h o n ů . 

KLÍČOVÁ SLOVA: Laser, laserový řezací stroj, lineární pohony, pohon s kuličkovým šroubem, 

pohon s lineárním motorem, rychlost posuvu, zrychlení, průměr, stoupání. 
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1. INTRODUCTION 

Cutt ing and similar processes are the most c o m m o n methods of handl ing sheet metal for 

separat ing mater ials (cutting, t r i m m i n g , etc.). In the past, they used presses wi th cutt ing tools 

for creat ion of holes or var iously shaped semi - f in ished or f in ished product of sheet metal 

mater ia l . But such tools are single purpose tools and each too l must be manufactured 

according to required shapes and d imens ions . So, this techno logy therefore only pays off for 

serial and mass manufactur ing , f r o m an e c o n o m i c point of v iew. 

Since the technology wh ich has been used did not really pay off and was not really 

e c o n o m i c a l , the scientists dec ided to apply laser in the process of produc ing outputs . The 

laser is a splendid universal unit. It has penetrated f r o m laborator ies to numerous f ields of 

science since 160, w h e n the first laser was d e v e l o p e d . Its use has been used in industry, 

medic ine and cosmet ics and arts. At virtual ly every move , it is one of the most valuable 

inst ruments wh ich accompanies us. Lasers are used in medic ine , in surgeries and numerous 

surgical procedures . Lasers are used to build t h e r m o c o u p l e s in electr ical engineer ing . Lasers 

are used in manufactur ing for sheet , tube and profi le cutt ing , for engraving, forging, 

hardening , gr inding, machin ing and more . 
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2. OBJECTIVES OF THE WORK: 

The main object ive of this thesis w o r k is to enhance the laser cutt ing machine wh ich is 

avai lable at the KSA laboratory . The laser cutt ing machine has been in existence for more than 

10 years now and no not iceable changes til l far. The main reason for to innovate the laser 

cutt ing machine is because to increase the speed of the feed rate, to cut -of f the v ibrat ion and 

to improve the product iv i ty . A lso , to replace it w i th con tempora ry technologies . 

The theoret ica l port ion of the project wi l l discuss several commerc ia l l y avai lable 

machines of s imilar sizes and purposes (model ing mi l l ing machines , laser cutt ing machines) 

that may be uti l ized for inspirat ion or compar i son w i th the machine created here. They wil l 

then apply their knowledge to the creat ion of a machine s imi lar to the one descr ibed in the 

in t roduct ion . It is also necessary to c o m p a r e the l inear actuators wh ich can be appl ied on 

laser machines and f inding out the best of it. Ball screw l inear actuator is used in the exist ing 

laser cutt ing machine . It is also necessary to w o r k on the design changes on the linear 

actuator w h e n the feed rate is increased or the linear actuator assembly has to be complete ly 

changed. Finally, c o m p a r e di f ferent variants to f ind out the opt imal one . 

11 
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3. LASER AND LASER CUTTING MACHINE 

The w o r d " laser" was original ly an English abbrev iat ion for Light Ampl i f i ca t ion by 

St imulated Emission of Radiat ion , t ranslated as "ampl i f i cat ion of light by s t imulated (forced) 

emiss ion . It uses the p h e n o m e n o n of s t imulated emiss ion of e lect romagnet ic radiat ion active 

part icles exci ted by an external energy source to produce m o n o c h r o m a t i c and coherent 

radiat ion (i.e., w i th one -d i rec t ion osci l lat ions, wave lengths , and phases). It is impor tant to 

achieve populat ion inversion (nonequi l ibr ium distr ibut ion) of energy levels active 

a t m o s p h e r e for laser beam g e n e r a t i o n a l ] 

A n act ivated m e d i u m , an opt ical resonator , and an exci tat ion energy f ield make up the 

laser. Lasers are classif ied as gas, solid state, semiconducto r , l iquid, or chemica l depend ing on 

the type of active env i ronment . A n opt ical resonator is made up of t w o or three mirrors , at 

least one of wh ich is s e m i p e r m e a b l e . A discharge lamp, an electr ic discharge in an act ivated 

m e d i u m , a s t ream of e lectrons , or even a chemica l react ion may all be seen as energy sources. 

Lasers are classif ied into t w o types: constant and pulse, depend ing on the type of operat ion . 

Figure 1: Design of Laser machine 
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In combinat ion w i th numer ica l cont ro l , the invent ion of the laser used for commerc ia l 

use gave rise to sheet metal processing (CNC) deve lopments are taking on an ent i rely new 

d i m e n s i o n . Laser cutt ing machines a l low cut an arbitrar i ly complex shape into the sheet wi th 

good accuracy, speed and cut quality . By f l ipping the NC sof tware into the control sys tem, the 

f o r m created can be modi f ied easily, enabl ing the use of these machines even for the 

d e v e l o p m e n t of part and smal l series or the construct ion of practical prototypes . Unlike 

presses, w h e n running laser cutt ing machines , no major forces are p roduced , so these 

machines are not so d e m a n d i n g on the const ruct ion . Classif ied as the unconvent iona l 

m e t h o d s of mater ia l separat ion , laser cutt ing technology is very c o m m o n in manufactur ing 

industr ies today . Since t h e n , the i r use has started to grow, pr imari ly due to their posit ive 

character ist ics. They open up new possibi l i t ies thanks to their eff ic iency and expense. Due to 

high precision w i thout heat ing and reduced mater ial loss, the design increasingly relies on the 

advantages of laser-cut tubes and profi les. 

Figure 2: Current state of the machine 
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Using a h igh -powered laser b e a m that is opera ted by CNC sof tware that def ines cutt ing 

parameters , a laser cutt ing system can cut a range of mater ia ls . Laser cutt ing is ext remely 

rel iable and offers consumers a prist ine cut, making it a c o m m o n choice in metal fabr icat ion 

shops. 

The first sect ion of the M a s t e r thesis focuses on descr ib ing the existing condi t ion of the 

laser mach ine at the Technical University of Liberec laboratory in Bui ld ing L and also 

explaining other basic fundamenta l s involved in the select ion of ball screw. The main a im of 

my w o r k here is to enhance the accelerat ion of each drive and to c o m e up wi th an advanced 

line dr ive system in the exist ing laser machine . A lso , to d e t e r m i n e the complex i ty and 

advantages it is going to bring whi le do ing the i m p r o v e m e n t . A lso , I w o r k e d on other 

i m p r o v e m e n t s in the laser cutt ing machine wh ich improves the product iv i ty and reduces the 

cost. 

The laser device was for this mach ine designed in the d ip loma thesis of Jan T a u c h m a n . 

M o r e about this device is discussed in the chapter . 
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4. LINEAR DRIVES 

LINEAR DRIVE SYSTEMS 

MECHANICAL 
DRIVES 

HYDRAULIC 
DRIVES 

LINEAR 
MOTORS 

PNEUMATIC 
LINEAR 

MOTORS 

Table 1: Basic division of Linear drives[2] 

• M e c h a n i c a l drives are fur ther classif ied into 

Mechanical 
drives 

Ball screw and nut Tangential drive 
systems 

Belt drives Rack and 
pinion 

Figure 3: Classification of mechanical drives[2] 
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5. LINEAR ACTUATORS[3] 

A l inear actuator is a system that travels in a l inear mot ion be tween t w o points. A l inear 

actuator is a mechan ism that t ransforms rotat ional mot ion into push or pull l inear m o t i o n , 

causing devices or mater ia ls to be raised, l owered , s l id , or f l ipped . They have rel iable and 

main tenance - f ree mot ion contro l that is secure and c lean. 

Electric l inear actuators drive the main rod shaft w i th a DC or AC motor , a row of gears, 

and a lead screw. The size of the m o t o r dete rmines the d i f ference b e t w e e n actuators . A l inear 

actuator 's load power var iables are static and dynamic . The sum of force exerted whi le the 

actuator is in mot ion is known as dynamic load power . W h e n the actuator is mot ion less and 

holds a load in place, it is referred to as static load power . 

Actuators open and shut c o m p u t e r disk drives, shift car seats fo rward and back, and 

open and close automat ic doors . The fundamenta l theory of a l inear actuator is the idea of 

an incl ined plane, in wh ich the actuator 's lead screw moves over a narrow rotat ional force 

ramp. 

5.1. TYPES OF LINEAR ACTUATOR WHICH CAN BE INSTALLED[3] 

Linear actuators are avai lable in a n u m b e r of conf igurat ions to a c c o m m o d a t e any use, 

env i ronment , or industry. The mechanical dr ive m e c h a n i s m , reference, and housing are used 

to identify t h e m . 

1. Mechan ica l or E lect ro -mechanica l Actuators . 

2. Hydraul ic Actuators . 

3. Pneumat ic Actuators . 

4. Linear motor . 

5.2. COMPONENTS OF A LINEAR ACTUATOR[3] 

1. P o w e r source. 

2. P o w e r converter . 

3. Actuator . 

4. Mechan ica l load. 

5. Control ler . 
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6. MECHANICAL OR ELECTRO-MECHANICAL ACTUATORS 

Mechan ica l and e lect romechanica l l inear actuators are often used to t ransform rotary 

mot ion into l inear m o t i o n . The di f ference be tween mechanica l and e lec t romechanica l l inear 

actuators is w h e t h e r they are operated internal ly or external ly , such as by an engine, or 

manual ly . The screw (bal l -screw, roller screw, or lead screw designs) drives the screw shaft in 

a straight line by spinning the nut; the whee l and axle, wh ich produces l inear mot ion around 

a rope, chain , cord , or rack by rotat ing a w h e e l ; and the c a m , wh ich produces l inear mot ion 

by rotat ing an eccentr ical ly shaped circle.[4] 

Figure 4: Mechanical Linear actuator 

This is a s imple manipu lator des igned by me for my semester work and this better 

explains the mechanical l inear actuator . This is a mechanica l l inear actuator wh ich helps us to 

move the object f r o m one posit ion to another in X -d i rec t ion and Y -d i rect ion for 600 m m and 

100 m m respectively . Al l the parts w e r e taken f r o m the FESTO catalogue. This includes Linear 

drive w i th the m o t o r assembly and pneumat ic cy l inder and gr ipping jaws for hold ing the 

object. 
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7. HYDRAULIC ACTUATORS[5] 

Hydraul ic Actuators are hydraul ic cyl inders w i th a piston that generate l inear 

d isp lacement by apply ing unbalanced pressure to the p iston. Hydraul ic actuators are typical ly 

used w h e r e a signif icant a m o u n t of force is needed to open a valve (for example , the main 

s team system valves). Figure 3 depicts a convent ional p is ton - type hydraul ic actuator . A 

cyl inder, p is ton, spr ing, hydraul ic supply and return l ine, and s tem make up the system. 

The piston div ides the cyl inder into t w o chambers by sl iding vert ical ly w i th in it. The 

spr ing is kept in the upper chamber , wh i le hydraul ic f lu id is kept in the lower chamber . 

Figure 5: Hydraulic actuator [5] 

7.1. FUNCTIONS OF A HYDRAULIC ACTUATOR[5] 

The hydraul ic supply and return line are at tached to the lower c h a m b e r of the actuator , 

a l lowing hydraul ic f lu id to f low to and f r o m it. The piston's mot ion is t ransferred to a valve 

through the s t e m . The spr ing force keeps the valve in the closed posit ion wh i le there is no 

hydraul ic f luid pressure. If more air reaches the lower chamber , the pressure w i th in it rises. 
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This f r ict ion causes a strain on the bo t tom of the piston that is the polar oppos i te of the 

spring's force . The piston cont inues to travel upward as the hydraul ic force reaches the spring 

force , the spr ing compresses , and the valve opens. 

The valve begins to o p e n as the hydraul ic pressure rises. The hydraul ic force becomes 

weaker than the spr ing force as hydraul ic f lu id is w i t h d r a w n f r o m the cyl inder , the piston 

travels d o w n w a r d , and the valve shuts. The valve may be located e i ther fully open and fully 

c losed by contro l l ing the v o l u m e of oil suppl ied or dra ined f r o m the actuator . 

The funct ion of a hydraul ic actuator is s imi lar to that of a pneumat ic actuator . To move 

the valve, each uses s o m e mot ive force to counteract spr ing force. Hydraul ic actuators may 

also be p r o g r a m m e d to fa i l - open or fa i l -c lose as a fai l -safe feature . 
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8. PNEUMATIC ACTUATOR[6] 

Pneumat ic actuators are profoundly sol id , product ive and safe wel lspr ings of m o v e m e n t 

contro l that ut i l izat ion compressed air o r gas to change over energy into rotat ional or direct 

m o v e m e n t . They're part icularly proper for the cont inued open ing and shutt ing of valves and 

other mechanica l appl icat ions w h e r e the ut i l izat ion of p o w e r may cause a fire or start danger. 

Pneumat ic In the chemical and process industr ies, actuators are w ide ly used to mon i to r the 

valves that guide the f low of f luids. 

Pneumat ic actuators are also referred to as pneumat i c tubes , air cyl inders, or air 

actuators . - of this te rmino logy is interchangeable and they both r e f e r t o a system that works 

wi th air pressure. Pneumat ic ram is another t e r m for an air cyl inder , w i th the ram 

cor responding to the l inear p iston. 

-V—>• Po>ition sensor 

Cylinder 

r J l > V A 

• 1 ' V 

\ 1 P . A , 

IT 

Pressure sensors 

Load 

F . 

Valve 

t \ l i . U l b l ExJuiist 

Figure 6: Pneumatic actuator [7] 
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8.1. WORKING OF A PNEUMATIC ACTUATOR[6] 

Pneumat ic actuators rely on a pressurized gas — most c o m m o n l y c o m p r e s s e d air — 

enter ing a c h a m b e r and bui ld ing up pressure. It results in the regulated kinetic accelerat ion 

of a system such as a piston or gear w h e n it has built up enough pressure in relat ion to the 

outs ide air pressure. This subsequent d e v e l o p m e n t can be coord inated in e i ther a straight 

line or roundabout m o v e m e n t . 

Since the change of packed gas into energy can be profoundly cont ro l led and is solid 

and repeatable , pneumat ic actuators are qui te possibly the most famous mechanica l gadgets 

uti l ized in a w ide exhibit of present -day enterpr ises. 

8.2. TYPES OF PNEUMATIC ACTUATORS[6] 

There are t w o essential assor tments of pneumat ic l inear actuators. 

1. S ingle -act ing pneumat ic actuators . 

2. Doub le -act ing pneumat ic actuators . 

8.2.1. SINGLE- ACTING PNEUMATIC ACTUATORS 

Extension stroke 

Return stroke 
(by spring) 

Figure 7: Single acting pneumatic actuator [8] 

Because a s ingle -act ing hydraul ic cy l inder is s impler , it requires less main tenance . Wi th 

only one line, the cyl inder's mot ion is solely governed by the pressure on that one line. They 

usually use a spr ing or someth ing s imi lar to push or retract the piston rod, a l though they 

might also use the force on the end to do so. Simpl ic i ty is usually a good th ing w h e n it comes 

to equ ipment that has to be tough and dependable . [8] 
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8.2.2. DOUBLE- ACTING PNEUMATIC ACTUATORS[8] 

Double Acting Cylinder 
Position 1 Position 2 

Figure 8: Double acting pneumatic actuator[8] 

A doub le act ing cy l inder a l ternates cycles of pressurized f luid to both sides of the p iston, 

creat ing extend and retract forces to move the piston rod, a l lowing for more cont ro l . To 

obtain the needed m o v e m e n t for your appl icat ion , a contro l system consist ing of a 2 - , 3 - , or 

4 -way posit ion valve w o u l d be necessary.[8] 

8.3. SINGLE-ACTING OR DOUBLE-ACTING PNEUMATIC ACTUATOR 

W h e n it comes to dec id ing wh ich sort of cy l inder to use, it all boils d o w n to how much 

contro l you require against how much you can pay. A single act ing hydraul ic or pneumat ic 

cyl inder may be your best choice if the heavy l ift ing is only in one d i rect ion . It's ideal to use a 

doub le act ing hydraul ic or pneumat ic actuator if you ' re mov ing a part in t w o di rect ions and 

require c o m p l e t e contro l . 
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9. RACK-AND-PINION ACTUATOR 

A rack and pinion l inear actuator consist of a circular gear (the pinion) engaging a l inear 

gear (the rack), wh ich work together to convert rotat ional mot ion into l inear m o t i o n . W h e n 

the pinion is rotated , the rack is operated in a l inear fash ion . The pinion w o u l d be dr iven into 

rotat ion if the rack is dr iven l inearly. Straight and helical gears can be used w i th a rack and 

pinion drive. Helical gears are favored because they are quieter and can carry more weight . 

The too th pitch and pinion size def ine the overal l force that can be t ransferred in a rack and 

pinion mechanism.[9] 

Figure 9: Rack and pinion actuator[10] 

9.1. DESIGN OF RACK AND PINION ACTUATOR 

Gear racks are used in l inear guides in one of t w o ways : the gear teeth are machined 

direct ly into the prof i led rai l , or the rack is designed to enable the rail to be m o u n t e d directly 

on the rack. W h i l e the integrated conf igurat ion is more l ightweight and easier to assemble , 

23 



F T 1 TECHNICAL UNIVERSITY OF LIBEREC 
\*J Faculty of Mechanical Engineering • 

having the gear rack and prof i led rail suppl ied separate ly has the advantage of a l lowing each 

part to be replaced separately if one is c o m p r o m i s e d . This reduces main tenance t i m e and 

costs wh i le also making rep lacement c o m p o n e n t stocking easier.[10] 

Helical tee th are used in the bulk of prof i led rail rack & pinion assembl ies because they 

are qu ieter and have a higher load v o l u m e . Straight cut gears, on the o ther hand , are avai lable 

f r o m s o m e suppl iers and need less lubr icat ion and are easier to mount . A lmost all prof i led rail 

rack & pinion assembl ies are made w i th a pressure angle of 20 degrees, regardless of tooth 

design. The load carrying power , noise, and backlash behavior of the gear are all inf luenced 

by the pressure angle. Because of its high load capabi l i ty , the 20 -degree pressure angle was 

chosen.[10] 

Figure 10: Integrated profiled rail rack & pinion assemblies are typically designed with 

a 20-degree pressure angle[ 10] 
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10. LINEAR MOTOR 

In this paragraph, w e wil l discuss about the non -contact l inear dr ive wh ich works under 

the inf luence of a permanent magnet ic force . Easy processing, no lubr icat ion , no noise, no 

fr ict ion energy, no pol lut ion , low start ing to rque , and over load protect ion are all advantages 

of non -contact pe rmanent magnet ic dr ive technology . The l inear m o t o r has been widely 

e m p l o y e d in dif ferent NC e q u i p m e n t , inc luding a laser cutt ing mach ine , as a novel dr iv ing 

system. 

10.1. WORKING OF A LINEAR MOTOR DRIVE 

The track, or f ixed c o m p o n e n t , of the l inear m o t o r has a sequence of permanent 

magnets arranged side by side a long its length, wh i le the mov ing c o m p o n e n t has electr ical 

windings . W h e n current passes through the windings , the generated magnet ic f ield interacts 

wi th the f ield produced by the track's magnets , generat ing m o t i o n . By s imply adding more 

f ixed port ions to the motor , you may extend its length. The l inear m o t o r in one machin ing 

appl icat ion was 100 feet long.[13] 

Figure 11: Linear motor drive[14] 

Manufac tu re rs prov ide a w ide range of l inear motors , both big and t iny, w i th a variety 

of technolog ies and capacit ies. 
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To begin, the linear m o t o r provides the fo l lowing benefits,[15] 

• There is no mechanical contact , the t ransmiss ion occurs in the air gap, and there is no 

direct w e a r on the driv ing c o m p o n e n t . 

• The stroke is theoret ical ly l imit less, and modi f icat ions in the it inerary have no effect 

on per fo rmance . 

• It has a broad range of speed capabi l i t ies, ranging f r o m a f e w mic rometers to several 

meters per second , w i th the high speed being a signif icant benefit . 

• The accelerat ion is signif icantly large. 

• High accuracy and consistency. Because the in termediary connect ion has been 

r e m o v e d , the system's accuracy is dependent on the posit ion detect ing e lement . The 

precis ion of the f inal operat ion can be s u b - m i c r o n w i th the right feedback device. In 

the realm of laser precision cutt ing, this character ist ic has been wide ly exp lo i ted . 

Because of the benef i ts of l inear motors , this type of laser machine is c o m m o n l y 

used to set industry records for l inear m o t o r speed and accelerat ion . 
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11. THE FUNDAMENTAL OF A BALL SCREW[16] 

Ball screws c l imb to the top of the class of all the screws used for industr ial mot ion 

cont ro l , provid ing many benefits over o ther al ternat ives, such as rol ler screws and acme 

screws. Ball screws are one of the most inexpensive methods of t ranslat ing rotary mot ion into 

precis ion l inear m o t i o n , w i th eff ic iencies of at least 90 percent . W i t h excel lent precis ion, they 

are able to t ransfer large loads at high speeds. M o r e o v e r , pneumat ic and hydraul ic actuators 

may be cost -ef fect ive al ternat ives to ball screws. 

In order to choose the right ball screw and nut for a part icular app l i cat ion , specif icat ion 

var iables such as loads, life expectancy, speed , weight , and mount ings should be cons idered 

by engineers . Lubr icat ion and a t m o s p h e r e are used in appl icat ion requi rements . 

Figure 12: The main components of ball screw[ 17] 

W h e r e a s , A= steel bal l , B= Screw shaft, C=Ball nut, D= Seal , E= Recirculat ion part. 
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12. COMPARISION OF LINEAR ACTUATORS 

The main object ive in here is to c o m p a r e the l inear actuator wh ich has been expla ined 

above and c o m p a r e t h e m based on di f ferent parameters wh ich can be really ideal to apply 

on laser cutt ing mach ine . W h i l e work ing on the thesis, I c a m e up wi th di f ferent so lut ions and 

ideas of l inear actuator to apply on the laser mach ine . It helped me realize what and all 

advantages and disadvantage that the specif ic type of l inear actuator has got wh ich helped 

me pick the ideal and the o p t i m u m one . 

The parameters used to c o m p a r e Linear actuators , 

• M a x i m u m force 

• M a x i m u m accelerat ion 

• M a x i m u m speed 

• Accuracy 

• Repeated Accuracy 

• Stroke length 

• Cost 

• M a i n t e n a n c e f requency 

To choose a l inear actuator for the assemble on to the laser cutt ing mach ine , w e need 

to cons ider the force wh ich w e wil l be required the cutt ing process and also, the m a x i m u m 

speed to wh ich the linear actuator can be dr iven . The next major parameter wh ich has to be 

taken into account is the accuracy that the l inear actuator can run w i t h . Since, compl icated 

shapes are to be produced using a laser cutt ing mach ine , it is impor tant to choose the linear 

drive w i th wh ich w e can achieve greater accuracy. 
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DRIVE TYPE 
BALL 

SCREW 

BELT 

DRIVE 

PINION 

A N D 

RACK 

LINEAR 

M O T O R 

PNUEMATIC 

LIN. M O T O R 

HYDRAULIC 

DRIVE 

M a x . force (N) 3 0 0 0 5 6 4 0 2000 20000 4 0 0 0 4 5 0 0 

M a x . 

Acce lerat ion 15 40 10 200 n n 

(m/s 2) 

M a x . speed 

(m/s) 
3 8 2 11 5 3 

Accuracy 

(u.m/25.4mm) 

7.6 2 5 - 5 0 0 . 6 - 4 . 2 0 . 2 - 0 . 7 n n 

Repeated 

accuracy (urn) 
10 12 - 3 0 0 n 0 . 1 - 3 0 25 - 1 5 0 n 

Stroke length 

(m) 
0 . 2 - 5 . 3 0 . 3 - 8 0.3 - oo 0 . 2 5 - 1 0 " 3 - o o 0 . 0 1 - 6 0 . 0 1 - 6 

W h e r e a s , n- Couldn ' t identify 

Table 2: Comparing the parameters of Linear drives[2] 

12.1. ADVANTAGES AND DISADVANTAGES OF LINEAR DRIVES 

These are the standard parameter and advantages and disadvantages wh ich w e got to 

look at before choos ing a l inear drive for the laser machine . A n d now, w e shall take a look at 

the ball screw l inear drive since w e are using the ball screw linear actuator because it suits 

the parameter and also because of its advantages and disadvantages. 
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LINEAR DRIVES A D V A N T A G E S DISADVANTAGES 

• Large load • High inertia 

BALL SCREW • High accuracy • Small veloci ty and smal l 

accelerat ion 

• Larger speed and • Small loads 

BELT DRIVE 

• 
accelerat ion 

Low price 

• Small accuracy 

• High accuracy • Small loads 

PINION A N D RACK • 

• 
Infinite length 

Low price 

• Low speed and low 

accelerat ion 

• High load • High product ion costs 

• High speed and 

accelerat ion 

high Required coolant supply 

Open magnet ic structure 

LINEAR M O T O R • 

• 
High accuracy 

Un l imi ted length 

• No addi t ional mov ing 

parts 

PNUEMATIC LINEAR M O T O R 

• Simple • 
• 

Small loads 

Small accuracy 

Table 3: Advantages and disadvantages of Linear drives[2] 
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13. OVERVIEW OF THE MACHINE ON THE MARKET 

It is beneficial to be inf luenced by or specif ical ly dependent on the latest state of 

technology and its business offerings in all design pract ice. As a result, examples of machines 

wi th identical purposes or design or their l inear drives to the proposed machine w o u l d be 

discussed in the fo l lowing paragraphs. It wi l l be ident i f ied alongside laser cutt ing machines as 

wel l as examples w i th mode l ing mil l ing machines of s imi lar construct ions since it can not only 

be used for laser processing (cutting) of boards, but it is also p resumed potent ia l spindle 

m o u n t i n g for mil l ing. 

13.1. TYPES OF MILLING MACHINES AND THEIR DRIVE SYSTEMS 

Under this, w e shall take a look at the di f ferent type of mil l ing machine and the type of 

drive system wh ich is c o m m o n l y used wh ich wi l l help us unders tand what can be used on the 

project. 

13.1.1. CAM 1520 Premium 

High rigidity and precis ion ( repeated posi t ioning accuracy: 0 . 0 1 mm) descr ibe this 

mode l ing mil l ing machine f r o m the G e r m a n c o m p a n y vhf camfacture A G . The Y axis is 

suppor ted by a portal made of l inear units w i th backlash- f ree ball screws and doub le l inear 

guidance, w i th t w o parallel units. 1 5 5 0 x 2 0 1 0 x 4 9 0 m m is the posi t ioning range. The use of 

high-strength a l u m i n u m profi les as the foundat ion ensures high rigidity, low weight , and high 

load power . A sturdy table made of profi les w i th T -s lots a l lows for s imple c lamping of 

workp ieces and accessories. The c o m p u t e r is part icular ly useful in chal lenging manufactur ing 

appl icat ions like w o o d , plastics, and metal machin ing , as wel l as creat ion fo rms and rapid 

prototyping.[18] 

13.1.2. FlatCom M50 

The F latCom M 5 0 mode l mil l ing mach ine , manufactured by G e r m a n y A G in Germany , is 

built using special a l u m i n u m profi les that have strong rigidity wh i le remain ing light. The axes 

are arranged in a portal pattern here as w e l l , w i th the Y axis being doub led and pos i t ioned at 

the level of the desk. The portal is connected to the longitudinal axis X by stands, result ing in 

a direct height of 3 0 0 m m . The actual axes have a m o v e m e n t length of 1 2 0 0 x 1 4 0 0 X 2 5 0 m m . 
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The l inear axes 16 m m and 10 m m are pos i t ioned using backlash- f ree ball screws that 

are operated by ma in tenance - f ree EC servomotors . As a result, at a machin ing speed of 15 

m/min , the unit achieves repet i t ive posi t ioning precision of 0.02 m m . The mil l ing machine can 

be used to make concept templates , archi tectural models , a l u m i n u m f ront panels, and 

adver t isements , a m o n g other things.[19] 

Figure 13: FlatCom model milling machine[18] 

13.1.3. GPY138/158 

M a n y i m p l e m e n t a t i o n s necessitate a c o m p u t e r concept that is universal on the one 

side, but still a l lowing for lengthy travels to process vast areas on the other . That's what the 

G e r m a n f i rm imes - i core G m b H ' s m o d e l mil l ing machine GPY 138/158 has to sel l . A doub le Z 

axis w i t h a w ide direct height portal dist inguishes this CNC mach ine . This dist inguishes it f r o m 

other devices of the same kind, wh ich usually have one Z-axis f ixed on a longitudinal t rol ley 

X-axis, to wh ich the mil l ing spindle is then a t tached . As ide f r o m that , the const ruct ion is 

s tandard - sturdy, const ructed of a l u m i n u m profi les, and built in an industr ial style. 

The axes have a posi t ioning length of 1 3 8 0 x 1 5 8 0 x 5 8 0 m m . Both axes' se rvomotors and 

ball screws w i th a d iamete r of 16 to 5 m m are opera ted by AC. Posi t ioning accuracy is 0.02 

m m over t i m e . The normal feed rate is 8 m/min , but it can be increased to 25 m/min if 

requi red . Rapid prototyp ing , the const ruct ion of big and design models , the processing of 

w o o d , laser digi t izat ion, copy mi l l ing, and so on are just a few of the appl icat ions for these 
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devices. A l u m i n u m , w o o d , plastics (ABS, polystyrene) , and gypsum are a m o n g the materials 

that the mil l ing machine wi l l process.[20] 

Figure 14: Modeling milling machine of the GPYseries with a protective coi/er[20] 

13.1.4. COMPARISON OF THESE MILLING MACHINES 

MACHINE WORKING RANGE FEED RATE ACCURACY DRIVE TYPE 

C A M 1520 

P r e m i u m 
1 5 5 0 x 2 0 1 0 x 4 9 0 m m - ±0,01 m m Ball screw 

FlatCom M 5 0 1 2 0 0 x 1 4 0 0 x 2 5 0 m m 15 m/min ±0,02 m m Ball screw, EC 

GPY 138/158 1 3 8 0 x 1 5 8 0 x 5 8 0 m m 
8 - 25 

m/min 
±0,02 m m Ball screw, AC 

Table 4: Comparison of Milling Machines 

33 



F T 1 TECHNICAL UNIVERSITY OF LIBEREC 
\*J Faculty of Mechanical Engineering • 

13.2. LASER CUTTING MACHINES 

Under this , w e shall take a look at the di f ferent type of Laser cutt ing machine and the 

type of dr ive system which is c o m m o n l y used wh ich wi l l help us understand what can be used 

on the project. 

13.2.1. TruLaser 1030 

T R U M P F ' s c o m p u t e r is d ist inguished by its low investment and main tenance costs, ease 

of use, and compact footpr int (only 25 m 2 ) . TruCoax is a cutt ing 2 k W dif fusion coo led C 0 2 

laser. TruLaser 1030 can cut structural steel up to 15 m m thick (stainless steel 6 m m , 

a l u m i n u m 5 mm) w i th a s imul taneous axis speed of 85 m/min . The unit axes have a work ing 

length of 3 0 0 0 x 1 5 0 0 x 7 5 m m . The machine is ideal for beginners w h o wish to take on 

previously outsourced jobs or w h o want to move f r o m solid to sheet metal for cost purposes. 

Its versati l i ty a l lows for s h o r t - t e r m deve lopment , shift test ing, and prototype design. The 

TruLaser 1030 can also be used as a low-cost t ra in ing unit.[21] 
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Figure 16: Movement unit with catcher[22] 

W h e r e a s , 

1- M o v e m e n t unit 

2 - Catcher 

The Y and Z axes, as wel l as the X axis motor , are carr ied by the m o v e m e n t unit l inked to the 

c rossbeam. The travers ing mot ions are carr ied out using rack and pinion systems. 

13.2.2. PROFILE PLUS 3015 

This CNC unit is the c o m p a n y Farley Laserlab's th i rd generat ion of laser cutt ing devices. 

It is ext remely dependab le and eff ic ient , w i th comparat ive ly low maintenance requi rements . 

It features a S inumer ik 840D advanced contro l system wi th a handheld contro l screen. The 

cutt ing head is f ixed on a cast f rame of h igh-qual i ty l inear guides and is m o u n t e d on an 

ext remely robust se l f - support ing l imb. 
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Figure 17: PROFILE PLUS 3015[23] 

The machine's operat ing surface is i l luminated and has d imens ions of 3 0 5 0 x 1500 m m . 

Precision drives ball screws make for a m a x i m u m m o v e m e n t speed of 50 m/min in the X and 

Y axes (and 10 m/min in the Z axis), w i th a m a x i m u m cutt ing speed of 9 m/min for steel and 

30 m/min for paper. It achieves 0.02 m m repeatabi l i ty in posit ioning.[23] 

13.2.3. M-1600 

The G e r m a n c o m p a n y Euro- laser GmbH's laser cutt ing machine M - 1 6 0 0 produces 

excel lent cutt ing per fo rmance . Engraving is also not a chal lenge for this m e t h o d . Since the 

laser system is built on a modu la r basis, all critical c o m p o n e n t s can be rep laced. The work 

table can be div ided into t w o parts w i th d imens ions of 1300 x 1600 m m . 

It is now possible to cut or engrave mater ia l in the f ront sect ion of the table whi le 

s imul taneous ly removing processed mater ia l or creat ing new ones f r o m the back pieces, 

greatly increasing the eff ic iency of the machinery . The high-qual i ty C 0 2 laser source needs 

a lmost no upkeep . His p o w e r output wi l l range f r o m 60 to 600 watts . Cutt ing speeds of up to 

60 m/min are possible. The system wi l l cut a var iety of mater ia ls , including w o o d , text i les, 

acrylic resins, and foils.[24] 
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Figure 18: M-1600 machine type[25] 

13.2A. SALVAGNINI L3-30 

Salvagnini L3 -30 is a laser cutt ing system f r o m Salvagnini , an Italian f i rm that is a wor ld 

p ioneer in the product ion of extensive sheet metal processing solut ions. In compar i son to 

t radi t ional C 0 2 lasers, the f iber laser used in this mach ine has a range of advantages. Opt ical 

paths and laser gas are not needed here, and main tenance is m i n i m a l . W h e n c o m p a r e d to 

C 0 2 lasers, energy savings was up to 7 5 % . It also encourages you to cut mater ia ls that are 

highly t ranslucent , such as brass or 20 copper (up to 5 m m thick). Structural steel can be cut 

to a m a x i m u m thickness of 15 m m , stainless steel to a m a x i m u m thickness of 10 m m , and 

a l u m i n u m to a m a x i m u m thickness of 8 m m . 

The w o r k table is 3048 x 1524 m m in d i m e n s i o n , w i th a 100 m m stroke on the Z axis. 

The support arm theory adds to the rigidity of the structure wh ich al lows for quick and precise 

p lacement as wel l as convenient access to the workp iece . The overal l posi t ioning speed is up 

to 120 m/min , and the repeat posi t ioning precis ion is 0.03 mm.[26] 
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Figure 19: SALAVAGNINI L3-30[18] 

13.2.5. FLEXI SERIES 

Flexi Series are more effect ive and have market prospects in a var iety of sectors, 

including rai lways, au tomobi les , energy, defense and aerospace, h o m e appl iances , gym 

equ ipment , and k i tchenware , to n a m e a few. 

FEATURES 

• Durable Rack-P in ion mot ion system. 

• Lightweight gantry w i th coord inated dual servo motors for high dynamics . 

• A u t o focus cutt ing head. 

• Dust proof gas line for gas f low. [27] 
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SPECIFICATIONS 

M O T O R X 3 0 5 0 m m SIL Brand 

M O T O R X I 3 0 5 0 m m SIL Brand 

M O T O R Y 1520 m m SIL Brand 

Z axis 150 m m 

Posit ion accuracy < ± 0.05 m m 

Repeated accuracy < ± 0.03 m m 

M a x i m u m rapid speed 80 m/min 

Cutt ing speed 20 m/min 

Table 5: Specification table for FLEXI series [27] 

Figure 20: FLEXI series[27] 

13.2.6. VANAD KOMPAKT LASER 

The Vanad K O M P A K T Laser CNC machine a l lows for incredibly precise, rapid, and 

eff icient the rmal cutt ing of mater ia ls . Because to its design, it may be used in smal l , 

m e d i u m , and large operat ions , as wel l as for p re -p roduct ion series. The highly concent rated 

laser beam enables for c o m m o n line cutt ing of the mater ia l due to the min imal kerf and low 

heat effects on the material . [28] 
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Figure 21: Models of material grids for Vanad KOMPAKT Laser [28] 

W h e r e a s , 

A - M a n u a l l y extendable grid 

B- M o t o r - p o w e r extendable grid 

C- Two hydraul ical ly exchangeable grid 

D- Two manual ly extendable grid 

FEATURES OF VANAD KOMPAKT LASER[28] 

• The f iber laser is the most popular f o r m of laser. It has an incredible endurance of up 

to 100 0 0 0 hours. 

• A l though it has the same eff ic iency as a C 0 2 laser, it consumes substantial ly less 

energy, result ing in cheaper running expenses. 

• Its robust structure makes it s imple to build and carry. 

• It can also carve compl i ca ted forms w i th precis ion. 

13.2.7. RAPIDO (PRIMAPOWER) 

RAPIDO has a f iber laser source wi th varying strengths d e p e n d i n g on the type of 

p roduct ion . In the event of big series manufactur ing , the high brightness f iber laser w i th high 

energy eff ic iency, e c o - c o m p a t i b l e use, and no maintenance provides the best results. This 

source is used by many appl icat ions , y ie ld ing in shorter cycle t imes and cheaper cost per 

part.[29] 
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Figure 22: RAPIDO machine type[29] 

13.2.8. KIMLA LASER FIBER CUTTER 

i 

Figure 23: KIMLA Laser Cutting Machine[30] 
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13.2.9. COMPARISION OF LASER CUTTING MACHINES 

N A M E OF 

THE 

M A C H I N E 

W O R K I N G RANGE FEED RATE ACCURACY 
LASER 

TYPE 
DRIVE TYPE 

TruLaser1030 3 0 0 0 x 1 5 0 0 x 7 5 m m 85 m/min - C 0 2 

Rack and 

Pinion 

Profile Plus 

3015 
3 0 0 0 x 1 5 0 0 m m 

50 (10) 

m/min 
±0.02 m m - Ball screw 

M-1600 1 3 0 0 x 1 6 0 0 m m 60 m/min - C 0 2 -

Salvagnini L3-

30 

3 0 4 8 x 1 5 2 4 x 1 0 0 

m m 
120 m/min ±0.03 m m Fibrous -

FLEXI SERIES 
3 0 5 0 x 1 5 2 0 x 1 5 0 

m m 

80 

m/min 
0.05 m m 

I P G / 

Raycus 

Rack and 

Pinion 

V A N A D 

K O M P A K T 

LASER 

2 0 0 0 x 6 0 0 0 m m 
45.3 

m/min 
- Fibrous -

RAPIDO 
4 0 8 0 x 1 5 3 0 x 7 6 5 

m m 
100 m/min 

±0 .012 

m m 
Fibrous -

KIM LA 

LASER FIBER 

CUTTER 

2 5 0 0 x 1 2 0 0 0 x 1 0 0 

m m 
250 m/min ±0.02 m m Fibrous 

Induction 

l inear m o t o r 

Table 6: Comparison of Laser cutting machines 
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14. CHOOSING THE DRIVE TYPE 

From the above mil l ing and laser machines , it can be that many of industr ies are 

preferr ing bal l -screw drive since it is much rel iable. A lso , that it can w i ths tand large loads and 

it also has higher accuracy as c o m p a r e d to hydraul ic and pneumat ic drives. Hydraul ic and 

pneumat ic drive type cannot be used in laser mach ine since it becomes much diff icult to 

prov ide complex shapes w i th those drive types. A lso , they can only w i ths tand small loads. 

A n d also, w e know that the exist ing laser mach ine in the laboratory uses ball screw drive 

type and the main a im is to increase the feed rate so that the product iv i ty can be achieved. 

For to improve the feed rate, it is necessary to concentrate on the parameters wh ich is going 

to help us achieve the result. 

A lso , there is another major to look on . If it is feasible and economica l enough to just 

change the c o m p o n e n t s wh ich has to be changed w i th respect to new design changes and if 

it wi l l be the other w a y by replacing the w h o l e of l inear actuator . A n d if that 's the case, w e 

can also c o m e up wi th other variants of dr ive types. From the above studies and compar isons , 

it is seen that rack and pinion dr ive type and l inear m o t o r seems much rel iable. Linear motor 

can wi ths tand high loads and they are contact less actuator wh ich makes us easy for the 

maintenance since there w o n ' t be much fr ict ion happening . There are also no addi t ional 

mov ing parts. So, the var iants are, 

VARIANT 1- Ball screw drive type w i th increased feed rate 

VARIANT 2 - Linear motor . 

Figure 24: VARIANT 1[31] Figure 25: VARIANT 2[32] 
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15. PARAMETERS USED IN CALCULATING BALL SCREW 

• Diameter (d) 

• Length (I) 

• Pitch (p) 

• Co-ef f ic ient of end support bear ing (kd) 

15.1. Diameter: 

As they c o m e into contact w i th both the screw and nut, the ball circle d i a m e t e r is the 

d iameter of the circle f o r m e d by the center of the ball bearings. The min imal screw d iameter 

measured at the b o t t o m m o s t point of the threads is the root d iameter . W h e n measur ing 

appl icat ion character ist ics and sizing parameters for var iables such as c o l u m n loading and 

crit ical , both d iameters are important . [33] 

whereas , 

d= Screw shaft d iameter 

d m = pitch circle d iameter 

d r= root d iameter 

1= lead 

ball d iameter . 

Figure 26: Parameters of ball screw[33] 

Ball groove 

PARAMETER RESULT 

Crit ical Speed Increases 

Inertia Increases 

SCREW DIAMETER Stiffness Increases 

increases increases 
Spring rate Increases 

Load Capacity Increases 

C o l u m n load Increases 

Table 7: Effect of diameter change[34] 
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15.2. Length: 

The length of the ball screw plays a vital role in the complex i ty of the design. Because if 

w e are alter ing the length of the screw, then the w h o l e length of the structure has to be 

changed since the screw length correlates w i th the support or structure length. 

SCREW LENGTH 

increases 

PARAMETER RESULT 

SCREW LENGTH 

increases 

Crit ical speed Decreases 
SCREW LENGTH 

increases Crit ical load Decreases 

Table 8: Effect of Length [34] 

15.3. Pitch: 

The axial d istance on a screw between t w o consecut ive threads is pi tch. W h e n one is 

rotated dur ing one cont inuous revo lut ion , lead is the l inear d istance t raveled by the nut or 

screw. The initials are the n u m b e r of indiv idual threads on the shaft of the screw. Usually, on 

a screw, there are one , t w o or four starts, wh ich resemble a helix that coils a round the shaft . 

Lead: Lead is the l inear travel per one screw revolut ion that the nut makes wh ich is usually 

how ball screws are def ined . 

Single Start I 

o nmmun 
Double Start 

o 

Figure 27: Relation between pitch and lead[35] 
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PARAMETER RESULT 

Torque Input Increases 

PITCH 

increases 

Load capacity Increases 

PITCH 

increases Posi t ioning accuracy Decreases 

Angular veloci ty Decreases 

Ball d iamete r Increases 

Linear Veloc i ty Increases 

Table 9: Effect of Pitch change [34] 

15.4. Co-efficient of end support bearing: 

The rigidity, m a x i m u m speed and buckl ing load of screw assembl ies are af fected greatly 

by end support bearings. There are t w o main types of support for a ball or lead screw end 

that can be i m p l e m e n t e d : basic (also referred to as floating) and set. W i t h a single ball 

bear ing, wh ich provides protect ion against radial loads, basic support is ob ta ined . W i t h an 

angular contact thrust bear ing, wh ich counteracts both axial and radial pressures on the 

screw, f ixed support is ob ta ined . W h e n t w o single ball bearings are instal led w i th a room 

between t h e m , a th i rd f o r m of support can be accompl ished. [35] 

15.4.1. End Fixity Condition[35]: 

Fixed-Fixed 

Fixed-Floating 

Floating-Floating 

Fixed-Free 

Figure 28: Condition of end fixity[35] 
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15.4.2. End fixity and Screw performance[35]: 

Critical speed and buckl ing load, t w o parameters of ball screw output , are direct ly 

propor t ional to a factor d e p e n d e n t on the ar rangement of the end bear ing. For the most rigid 

support (f ixed-f ixed), this end bear ing c o m p o n e n t is highest and lowest for the least rigid 

ar rangement (f ixed-free). 

15.4.3. Determination of Kd Co-efficient: 

s o n s 
x : 

2.74 1.88 1.22 0.42 

Figure 29: Determination of KDCo-efficient[18] 

Accord ing to the one w e are using; it has got one radial bear ing on either e n d . So kd= 1.22. 
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16. LASER MACHINE IN THE KSA LABORATORY[36]: 

The laser system is housed at the KSA laboratory in the bui ld ing of the Technical 

University of Liberec. The ent i re package is made up of many c o m p o n e n t s . The control 

mechan ism takes care of the mot ion of all se rvomotors . The contro l system which is used is 

S iemens ' S inumerik 840D, wh ich uses SIMODRIVE 6 1 1 units, 6 S N 1 1 2 3 - 1 A A 0 0 - 0 C A 2 Label led. 

Figure 30: SIMODRIVE 611 [18] 

There is also a GSIJK400FL laser source f r o m the GSI Group . It is a f iber laser w i th power 

4 0 0 W wi th a wave length of 1070 n m . [37] The laser source is coo led by water , the distr ibut ion 

and cool ing of wh ich takes care of TAEevo M 0 3 e q u i p m e n t . The cool ing capacity of the device 

is 1.4 k W at ambient t e m p e r a t u r e 25°C.[38] The cutt ing head is f r o m the same c o m p a n y as 

the laser source (GSI Group) 

An opt ical f iber directs the laser b e a m f r o m the source to the cutt ing head. Since the 

beam is direct ly p roduced by the opt ical f iber, it is impor tant to provide a laser source of at 

least 100 m m in order not to distort the f iber . The off icial opt ical f iber bending radius is 75 

m m . 
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17.STANDARD DIMENSION FOR BALL SCREW[39] 

Pitch o.s 1 1.5 2 2.5 3 4 5 6 8 10 12 15 16 20 25 30 32 35 40 50 

Diam. 

3 • • 
5 • 

6 • • * 
8 • • • • • • • 
12 • • • • • • 
16 • • • • 
20 • • • • • 

25 • • • • • • • • 
32 • • • • • • • • • • • 
36 • 
40 • • • • • • • • • • • 
50 • • • • • • • • • • 
60 • • • • 
63 • • • • • 
80 • • * • • • • • 
100 • • • • • 

Table 10: Standard dimension for BALL SCREW[39] 
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18.LINEAR UNITS (BALL SCREW) 

Linear axes are the basis of the ent i re const ruct ion of the proposed laser cutt ing 

mach ine , wh ich converts the rotat ional m o v e m e n t of the se rvomoto r shaft into the linear 

m o v e m e n t of the cont ro l led axis sl ider. W e are here using the Posi t ion ing axes of the 

sequence BSU 160, suppl ied here by the Czech f i rm HIWIN s.r .o. . They are designed for less 

chal lenging appl icat ions wi th lower dr ive dynamics , accord ing to manufacturers , and focus on 

the crit ical speed of the ball screw used based on the axis length. This are axes of type R16*5 

(d iameter*pitch of the screw) rol led ball screw. The screw has an IT7 (52 u.m / 3 0 0 mm) 

precis ion. The axes are also f i t ted w i th switches for induct ion terminals and a motor 

a t tachment f lange. 

Figure 31: Basic Structure for BALL SCREW Linear units from HIWIN[40] 

The l inear unit for the X-axis has a m a x i m u m stroke of 1700 m m , total length 1850 m m 

and weight approx . 53 kg. Because it is a portal st ructure, there are t w o l inear units for the Y 

axis. They have a m a x i m u m stroke of 1200 m m , total length 1550 m m and an approx imate 

weight of 44 kg. A l inear unit wi l l be used for the Z axis wi th a m a x i m u m w o r k i n g stroke of 

500 m m , a total length of 820 m m and a weight of approx . 24 kg. 
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19.CALCULATION OF X-AXIS DRIVE: 

SPEED OF X-AXIS 

Diameter, D x= 1 6 m m 

Length, Lx= 1 8 5 0 m m 

Pitch, p= 5 m m 

Equat ion reference[36] 

Nx=kd. ^ . 1 0 8 = 1 . 2 2 . ^ j . 1 0 8 = 570 .34 min" 1 (D 

The vital speed range for the ball screw can never be exceeded . The size crit ical speed is 

d e t e r m i n e d by the screw's d iamete r d, mount ing distance Ik, and storage process. The 

m a x i m u m running speed , n m a x, does not exceed 8 0 % of crit ical speed , nk. 

(2) 

(3) 

Nm a x(x)= (0.8)N X = (0.8)570.34 = 4 5 6 . 2 min" 1 

Feed rate, fx= n x .p = 456.27(5) = 2 2 8 1 . 3 5 m m / m i n = 2 .2m/min . 

W e require a feed rate of 6 m / m i n 

So, fur ther evaluat ing and try ing di f ferent d iameters and vary ing the pitch so that w e can 

achieve a feed rate of 6 m / m i n . 

LINEAR PRODUCTS 

LINEAR GUIDEWAYS 

BALL SCREWS 

BALL BUSHINGS AND SHAFTS 

CROSSED ROLLER BEARINGS 

RACKS AND PINIONS 

POSITIONING SYSTEMS 

LINEAR AXIS 

LINEAR TRUCKS FOR ROBOTS 

CROSS TABLES 

MULTIAXIS SYSTEMS 

ROTARY AXIS 

MOTORS 

SERVO CONTROLERS 

MEASURING 

o Width 1 6 0 m m 

o Ba l l screw 0 16 or 20mm 

o Max. up tp 1,7m 

0 Accuracy 0 3 052 or 0 ,023/300mm 

0 Drive - stepper 01 " servo rr rotor,eventually gearbox 

Part 
number 

Type 
accuracy 

Max. strake S Max.vi ilochyVlmax* 
[m/.] 

tatic. part [kg/0,5 m 
stroke] CAD 1 

UM R16xG5 IT7 1200 0,26 0,10 5,5 17 CAD 

R16xl0 IT7 1200 0,50 0,19 5,5 17 CAD 

R16xl6 IT7 1200 0,84 0,31 5,5 17 CAD 

BSU160-1 04 
R16x20 IT7 1200 0,95 0,36 5,5 17 CAD 

R20xG5 IT7 1700 0,34 0,15 5,5 17 CAD 

BSU160-
1 06 

R2QxlQ IT7 1700 0,67 0,25 5,5 17 CAD 

R20x20 IT7 1700 137 0,52 5,5 17 CAD 

BSU160-
03 

DEB16X05 ITS 1200 0 (27 0,10 5,5 17 CAD 

BSU160-
09 

DEB20x05 IT5 1700 0,35 0,15 5,5 17 CAD 

Figure 32. Selection of BALL SCREW Linear system [40] 
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Taking BSU160-06, 

Nx=kd. ^ . 1 0 8 = 1 . 2 2 . ^ r . 1 0 8 = 712 .9 m i n 1 (4) 

Nmax(x)= (0.8)N X = (0.8)712.9 = 570.3 m i n 1 (5) 

Feed rate, fx= n x .p = 570.3(10) = 5 7 0 3 . 4 m m / m i n = 5 . 8 m / m i n . (6) 

20. CALCULATION OF Y-AXIS DRIVE: 

SPEED OF Y-AXIS 

Diameter, D x= 1 6 m m 

Length, Lx= 1 5 5 0 m m 

Pitch, p= 5 m m 

N y =k d . ^ - 1 0 8 = 1 . 2 2 . ^ 7 . 1 0 8 = 812.4 m i n 1 (7) 

N m a x ( x p (0.8)N X = (0.8)812.4 = 649.9 m i n 1 (8) 

Feed rate, fx= n x .p = 649.9(5) = 3 2 4 9 . 9 m m / m i n = 3 . 2 m / m i n . (9) 

W e require a feed rate of 6 m / m i n 

So, fur ther evaluat ing and try ing di f ferent d iameters wh ich wi l l give us 6 m / m i n 

Taking BSU160-02 f r o m the f igure 8, 

N v =k d . ^ - 1 0 8 = 1 . 2 2 . ^ 7 . 1 0 8 = 812.4 m i n 1 (10) 

Nmax{x)= (0 .8)N X = (0.8)812.4 = 649 .9 m i n 1 (11) 

Feed rate, fx= n x .p = 1299.9(10) = 6499 .8mm/min= 6 .4m/min (12) 
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21. APPROPRIATE CHANGES DONE TO ACHIEVE THE REQUIRED FEED RATE 

The main a im of thesis is to achieve increase the feed rate and provide much more 

solut ions and advancements to the exist ing Laser mach ine . For to achieve the required feed 

rate, w e wi l l have to check what helps us increasing the feed rate w i thout d isturb ing its w h o l e 

design and make it more compl i ca ted . W i t h HIWIN provid ing us di f ferent designs wi th 

s tandard d imens ions avai lable in the market , w e now know to select the one which helps us 

achieve the required feed rate accord ing the required length. 

Enhancing pace can improve accuracy, but there are a range of hurdles to tackle in 

order to achieve that op t imiza t ion . As a consequence , there are t w o criteria for ball screw 

h igh-speed opt imizat ion . 

• Increase the l inear mot ion distance per rotat ion . Big leads are used. 

• Increasing the rpm s imul taneous ly helps us achieve accuracy 

Since an i m p r o v e m e n t in accuracy is expected at the same t i m e as an increase in ball 

screw speed , it is impor tant to concent rate on both.[41] 

21.1. CHANGES TO BE DONE IN X-AXIS LINEAR ACTUATOR 

In the exist ing laser cutt ing mach ine , the speed range of l inear actuator is around 

570.34 min" 1 and the feed rate is about 2.2 m/min . The main a im is the increase the federate 

so that the product iv i ty can be ach ieved . So, w e wi l l have to concentrate on t h e parameters 

wh ich is going to help us achieve the required result. From the above ca lcu lat ion , the 

parameter wh ich is going to help us achieve the requi red feed rate are d iamete r of the screw 

and the pi tch. As seen in the above ca lcu lat ion , on increasing the d i a m e t e r of the screw f r o m 

1 6 m m to 20 m m , the speed is increased f r o m 570 .34 min" 1 to 712 .9 min" 1 . A lso , w e have to 

take into cons iderat ion that this is not the actual speed . The m a x i m u m running speed , n m a x, 

is not more than 8 0 % of the crit ical speed , ni<. So, w e have to cons ider the crit ical speed and 

wi th increase in d iamete r and increase in pi tch, the necessary feed rate has been ach ieved . 
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Diameter 

20 mm 

Figure 33:Ball screw diameter X-axis actuator 

As seen in the Figure 3 3 , the d iamete r of the L M w h e r e the screw travels are increased 

to 2 0 m m is increased so that screw can actual ly fit into it. A n d it is necessary to change all the 

c o m p o n e n t s wh ich are associated w i th the L M guide. 

M i n i m u m Distance • 

G$ - 2071.335 mm 

Position 

X: 22.438 mm 

Y: 38.062 mm 

Z: 1150.336 mm 

Delta X: 0 mm 

Delta Y: 0 mm 

Delta Z: 2071.335 mm 

Figure 34:Linear actuator for X-axis 
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The f igure above is the design of Linear Ac tuato r for X-axis . I have taken BSU160 linear 

axis f r o m HIWIN[40] wh ich is the same as the exist ing one . The changes wh ich are done f r o m 

the exist ing one are the d iamete r and pi tch. What happens to the accelerat ion if w e increase 

the d iamete r and the pitch? 

PARAMETER RESULT 

D iameter increases Feed rate Increases 

Pitch increases Feed rate Increases 

Table 11: Effect of pitch and diameter to feed rate 

21.2. CHANGES TO BE DONE IN Y-AXIS LINEAR ACTUATOR 

From the calculat ion seen above , for us to achieve the requi red parameter , it is enough 

to concent rate on increasing the pitch unl ike in X-axis l inear actuator to achieve the required 

parameter . As seen above in the calcu lat ion , the d iamete r of the screw remains the same for 

the exist ing and the new one but it's just the pitch of the ball wh ich is being increased. The 

feed rate is increased f r o m 3 . 2 m / m i n to 6 .4m/min . 
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As seen in the Figure 3 5 , the d i a m e t e r of the screw still remains the same but it is 

necessary to change the L M guide because of increases in the pitch of the screw. So, the ball 

d iameter changes. 

Figure 36: Y-axis Linear actuator 

The design of the Linear Ac tuato r for the X-axis may be seen in the d iagram above . I 

used the existing BSU160 l inear axis f r o m HIWIN[37]. The pitch has been al tered f r o m the 

original . W h e n the pitch is increased, what happens to the feed rate? 

PARAMETER RESULT 

Pitch increases Feed rate Increases 

Table 12: Effect of pitch and diameter to feed rate 
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22. OTHER PARAMETERS 

The other parameters wh ich have to cons idered are 

• Shaft design 

• Bearing 

• Retainer ring 

• Keyway design 

• Sealing 

• Coupl ing 

• L M guide 

Let us take a look at these fo l lowing parameters in the fo l lowing passages. 

22.1. SHAFT DESIGN 

W i t h increase in d iameter of the ball screw, the d iameter of the shaft wh ich connects 

the screw and the coupl ing also increases. So, it is necessary to change the coupl ing and the 

keyway. 

Figure 37: Shaft which connects coupling and Linear actuator 
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CALCULATION OF SHAFT DIAMETER 

It is important to de te rmine the shaft d iamete r f r o m the t o r q u e based on the greatest 

to rque that can be passed via the shaft or the greatest a m o u n t of twist in the shaft w h e n a 

shaft is t ransmit t ing power f r o m driver e q u i p m e n t to dr iven e q u i p m e n t . Otherwise , the shaft 

may not meet the equ ipment ' s funct ion ing requirements. [42] 

Shear stress[42], T = x.— .d3 (13) 
16 

So, w e need the fo l lowing data , 

• M a x i m u m to rque that may be t ransmit ted through the shaft (We can calculate to rque 

f r o m the Power and the speed also) 

• The material 's tors ional shear stress 

22.2. BEARING 

Bearing is used to , 

• to decrease fr ict ion be tween spinning parts. 

• to carry weight in both axial and radial d i rect ions d e p e n d i n g on the appl icat ion of 

usage. 

• S m o o t h rotat ion of shafts. 

floating-floating 

- "c, -

1 

Figure 38: Floating-floating end Fixity Condition[43] 

Since w e are using f loat ing - f loat ing end fixity cond i t ion , it is necessary to use bearings 

on e i ther ends and also since the d iamete r of the screw increases, it is necessary to increase 

the d iamete r of the bearings. W i t h change in bear ing, bear ing housing should also be 

changed. 
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22.3. RETAINING RING 

• Retaining ring are used to secure bear ing in place. 

• The d iamete r of the retaining ring changes w i th change in internal and external d iameter 

of the bearings. 

Figure 39: Retaining Ring[44] 

22.4. KEYWAY DESIGN[45] 

To prohibit relative m o v e m e n t be tween a power t ransmit t ing shaft and a connected 

c o m p o n e n t , keys and keyways lock the hub and shaft. 

Shaft Key Key w a y 

Nominal 
Diameter 

Size 

Width ( b ) 
Nominal 
Diameter 

Size 

Nom 

Free 

d 

Size 

Nom Shaft (H9) Hub(D10) 

Over Incl b x h 

Nom 

Min Max Min Max 

6 8 2x2 2 0 +0,025 +0,02 +0,06 

8 ID 3x3 3 0 +0,025 +0,02 +0,06 

ID 12 4x4 4 0 +0,03 +0,030 +0,078 

12 17 5x5 5 0 +0,03 +0,030 +0,078 

17 22 6x6 6 0 +0,03 +0,030 +0,078 

22 3D 8x7 8 0 +0,036 +0,040 +0,098 

3D 38 10x3 ID 0 +0,036 +0,040 +0,098 

Table 13: Standard dimension for keyway design [45] 
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So, w i th increase in d iamete r of the shaft, the keyway size also increases. So, it is 

necessary to increase the size of the keyway since w e are increasing the d i a m e t e r f r o m 1 6 m m 

to 2 0 m m . 

22.5. SEALINGS 

Oil seals protect shafts and bearings against dirt and foreign object entry as wel l as oil 

or grease out f low. A n oil seal is made up of an exter ior c ircular meta l port ion and an inside 

f lexible e lement that accompl ishes the actual seal ing and is chemical ly l inked to the metal 

por t ion . The seal ing c o m p o n e n t is const ructed of rubber , wh ich can be synthet ic or natural 

depend ing on the situation.[46] 

Figure 40: Sealing for protection [46] 

So, w i th increase in d iamete r of the shaft and bearings, seal ing d iamete r also increases. 

22.6. COUPLING 

A shaft coupl ing is a mechanical c o m p o n e n t that t ransmits p o w e r by connect ing the 

driv ing shaft and dr iven shaft of a motor , for example . Shaft coupl ings provide mechanical 

f lexibi l i ty, a l lowing for shaft misal ignment to be to le ra ted . As a result of this coupl ing 

f lexibi l i ty, uneven bear ing wear , e q u i p m e n t v ibrat ion , and other mechanica l issues caused by 

misa l ignment can be reduced.[47] 
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All mot ion units e m p l o y e d bel lows coupl ing TOOLFEX type M size 20 f r o m a G e r m a n 

business KTR Kupplungstechnik G m b H to link the shaft of the l inear unit to the shaft of the 

se rvomotor . The coupl ing is backlash- f ree , requires no maintenance , is very tors ional robust, 

and has a low m o m e n t of inert ia. 

Figure 41: TOOLFLEX coupling used in the design 

Also , this picture explains of how the too l flex coupl ing is coupled w i th the shaft. 

Figure 42: Shaft and coupling assembly 

This clearly explains about the coupl ing wh ich has to be replaced if the shaft d iameter 

changes. 
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22.7. SHAFT-BEARING-RETAINING RING-SEALING ASSEMBLY 

Figure 43: Shaft, Bearing, retaining ring and Sealing assembly 

W h e r e a s , 

• A - Bear ing 

• B - O i l sealings 

• C- shaft 

• D- Retaining ring 

This assembly clearly explains us the assembly of Shaft, bear ing, oil seal ing and retaining 

rings. Bearings on the shaft are posi t ioned in such a way that they compensate for the w a r m t h 

that occurs dur ing operat ion w h e n they expand . As a result, parts of the bearing's edges must 

be left unpro tec ted , as indicated in the d iagram above . The bear ing on the left side is securely 

fas tened . 

This w h o l e assembly has to be changed if the d iameter of the ball screw increases. 
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22.8. LM GUIDE 

The L M Guide (Linear M o t i o n Guide) , is the first in the w o r l d to incorporate a c o m p o n e n t 

wi th a l inear rol l ing mot ion into practical use. It a l lows for the creat ion of h igh -prec is ion , h igh-

rigidity, energy -ef f ic ient , h igh -speed machines w i th long service life. 

Figure 44: Linear motion Guide Figure 45: Part Name - LM Guide[48] 

So, w i th increase in pitch and d iameter , it is necessary to change the L M guide. 

22.9. STATUS ON THE BALL SCREW LINEAR ACTUATOR 

W h i l e on increasing the feed rate, it is necessary to increase the d iamete r and pitch of 

the ball screw as seen above . Wh i le on do ing that , there is a lot of design modi f icat ions to be 

done to the l inear actuator to actual ly make it funct ion . A lso , it's a lot of t i m e to actual ly do 

the purchasing and it's not really sure if it is possible to get the specif ic part a lone . It is also a 

lot of money if you get the specif ic part a lone. 

So, it better to replace the w h o l e of l inear actuator w i th the new one. 

63 



F T 1 TECHNICAL UNIVERSITY OF LIBEREC 
\*J Faculty of Mechanical Engineering • 

23. ISSUES OF INCREASING ROTATION SPEEDS[41] 

Increasing the pace of a ball screw is related to the fo l lowing high- level diff icult ies. 

• Speed l imitat ions wi l l be based on d m and n values w h e r e d m is ball d iamete r and n are 

rotat ional speed . Harm to the ball recirculat ion circuit e lements , such as tangs of return 

tubes , can b e c o m e non-negl ig ib le as the orbi ta l speed (dm and n value) of the steel ball 

increases. 

Figure 46: Return tube breakage [41] 

• A ball screw's critical speed is the speed at wh ich the screw begins to exper ience bending 

v ibrat ions. 

• As the ball screw is rotated at high speeds, the normal f requency of the long s lender shaft 

suspended at both ends reaches a crit ical speed , causing a resonance v ibrat ion 

p h e n o m e n o n . 

• Heat rise causes t h e r m a l de fo rmat ion to increase. Since the fr ict ion to rque be tween the 

steel balls and the shaft increases as the speed increases, the t e m p e r a t u r e of the ball 

screw wi l l rise. Heat expansion occurs as a result of the t e m p e r a t u r e increase, and 

precis ion suffers as a result. 

• Increased v ibrat ions. Internal d iscont inui t ies in ball screw nuts tr igger dynamic 

recirculat ion routes (not smooth) . The related sounds and noises w o u l d increase as the 

ball speed increases. 

• O w i n g to h igh-speed mot ion and high acce lerat ion/decelerat ion , the load ( inert ia, etc.) 

increases. The loads on the ball screw rise as the ball screw imparts high speed and high 

accelerat ion mot ion to objects. 

(14) 
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24. VARIANT 2: LINEAR MOTOR 

24.1. INTRODUCTION 

A Linear Induction M o t o r (LIM) is a type of rotary induct ion m o t o r that produces a l inear 

t ranslat ional mot ion rather than a circular m o t i o n . The stator is axially c h o p p e d and f la t tened . 

The stator and rotor in this sort of m o t o r are referred to as main and secondary , respectively. 

Isn't it t rue that electr ic motors spin in circles? Certainly not. A l inear m o t o r is a m o t o r that 

provides straight - l ine mot ion rather than rotat ing m o t i o n . It was invented over a century ago. 

Inventors and engineers have produced many dif ferent types of l inear motors through the 

years, sui ted for a w ide range of appl icat ions . Because these o d d motors have begun to make 

thei r w a y into machine tools in recent years, you've def ini tely heard machine makers boast ing 

devices w i th " l inear" in the name.[13] 

Figure 47:Unrolling a rotary motor to show how it relates to Linear motor[13] 

24.2. HIWIN LINEAR MOTORS 

HIWIN l inear motors are a space-sav ing al ternat ive for l inear dr ive appl icat ion . You have 

a high force f ield density and a flat design, wh ich makes you stand out . These drives can 

funct ion w i th high dynamic loads due to thei r low weights . The stator's pe rmanent magnets 

are op t imized , wh ich ensures m a x i m u m synchronizat ion or more drives.[49] 
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24.2.1. BASIC OVERVIEW OF LINEAR MOTORS IN HIWIN 

DRIVING 

ELEMENT 
MODEL 

WEIGHT 

(kg) 

MAX. 

SHEAR 

FORCE (N) 

MAX. 

STROKE 

(mm) 

ACCURACY 

(mm) 

AXES with 

LINEAR 

MOTOR 

L M U 1 6 0 L 6 0 . 0 0 5 0 0 0 5 0 5 0 + 0 . 0 0 5 

AXES with 

LINEAR 

MOTOR 

L M U 2 1 0 120 .00 5 0 0 0 3 9 7 0 + 0 . 0 0 5 

AXES with 

LINEAR 

MOTOR 
L M U 2 5 0 2 0 0 . 0 0 5 0 0 0 4 0 7 0 + 0 . 0 0 5 

Table 14: HIWIN Linear motors[49] 

These are the avai lable models in the HIWIN and w e wi l l now have to choose the best 

m o d e l wh ich wi l l be suited for the purpose. A n d to get a better picture of what to choose out 

f r o m the three , w e wi l l have to c o m p a r e these parameters w i th the ball screw linear actuator 

to f ind the opt imal one . 

Figure 48:Ball screw linear actuator width 
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The main a im is that the f rame or the base remains the same. A n d the above figure 

shows us that the ball screw l inear actuator 's w i d t h is 1 6 0 m m . So, w e wi l l have to choose a 

l inear m o t o r wh ich does not exceed 1 6 0 m m so that the f r a m e and the base doesn' t have to 

be changed . A n d L M U 1 6 0 has the same w id th of 1 6 0 m m . But, that 's not the only parameter 

wh ich w e got consider . So, let's c o m p a r e and see wh ich one is the best. 

24.3. COMPARING THE PARAMETERS OF BALL SCREW LINEAR ACTUATOR 
AND LINEAR MOTOR 

~ \ ^ D R I V E TYPES 

P A R A M E T E R S ^ " ~ \ ^ ^ 

BALL SCREW LINEAR 

ACTUATOR (BSU160) 

LINEAR M O T O R (LMU160) 

ACCURACY (mm) + 0 . 0 2 3 or 0 .052 + 0 . 0 0 5 

M A X . ACCELERATION (m/s 2) 15 50 

TYPICAL LOAD of the l inear 

dr ive (kg) 
60 60 

Static load capacity of l inear 

guide (N) 
16970 16970 

Dynamic load capacity of 

l inear guide (N) 
11380 11380 

STROKE LENGTH (m) 1.7 5 

M A X . VELOCITY (m/s) 0.67 16 

We igh t of the sl ider (kg) 5.5 10 

We igh t of static part (kg) 17 15 

M O T O R USED 
Dr ive -s tepper or servo 

m o t o r (mostly gearbox) 

Integrated m o t o r series 

L M S A 

Table 15: Comparison of two variants[49] 
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From the above compar i son b e t w e e n ball screw l inear actuator and l inear motor , it wi l l 

give us an idea or better understanding of the design and what l inear m o t o r to move fo rward 

w i th . A lso , w e can evaluate or understand what l inear m o t o r can be assembled on to the 

existing system wi thout do ing any changes to the base. Looking at t h e first parameter , which 

is accuracy, l inear m o t o r has got better accuracy c o m p a r e d w i th ball screw actuator . A lso , the 

load in wh ich the f rame or base wh ich is going to w i ths tand is the same. The static load 

capacity and dynamic load capacit ies of t w o actuators are the same. 

24.4. LMU160 Actuator 

L M U 1 6 0 is produced by HIWIN and is a l inear m o t o r w i th an accuracy of + 0 . 0 0 5 m m . It 

has a m a x i m u m length up to 5 m . It is a non -contact actuator so there w o n ' t be any mechanical 

w e a r to the com p on e n ts . Since it's a non -contact l inear actuator , it w o n ' t need any constant 

main tenance check. The m a x i m u m speed of this actuator is up to 16m/s and the m a x i m u m 

accelerat ion is up to 5 0 m / s 2 . The m a x i m u m stroke length is up - to 5 meters . The m o t o r used 

here is integrated motor series L M S A . The m a x i m u m weight of the slide is 10 kg and the 

weight of the static part is 15 kgs. 

Figure 49: LMU160 actuator[32] 
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24.5. LINEAR UNITS (LINEAR MOTOR) 

4= 
Fjr 

9 

ii ii 

9 : m 
& Ä i3 

" \ 9 : m 

F/gure 5 0 ; Design configuration ofLMU160[49] 

Figure 50clear ly explains about size and d i m e n s i o n of the L M U 1 6 0 . As you can see, the 

width of the actuator is 160 m m which clearly can assemble and fit on to the f rame. There are 

three sl iders based on their lengths and the L M U are even categor ized more based on the 

type of sl iders. The sl ider is nothing but the L M guide. 

TYP A TYP B 

— 4 M 

To S • o 1 

* • * • 

o 1 

* • * • 

C o o V 

TYP C 

Figure 51: Types of Sliders[49] 

These are the three types of sl iders based on the length and now w e wi l l have to choose 

wh ich kind of sl ider w e want for our purpose. The length of the sl ider type A is 2 2 0 m m and 

the length of the sl ider type B and C are 3 1 0 m m and 4 3 0 m m respectively. A n d since w e are 

going to mount the Y-axis l inear m o t o r on the Slider, it is enough to choose be tween Type 

69 



TECHNICAL UNIVERSITY OF LIBEREC 
Faculty of Mechanical Engineering • 

and Type B. For my purpose, I a m going w i th Type B sl ider since w e wi l l have to mount and 

assembly using a counter bracket. 

Part 
number 

Motor 
Type of 
slider I n 

Peak force Fp 
[N] 

Max. speed Vmax 

[m/s] 

Max. acceleration Am ax 
[m/s2] 

Weight of slider 

M 
Weight of static part 

[kg/m] 

LMU160L-
01 

LMSA11C A 103 379 8 50 6 15 

LMU160L-
02 

LMSAllLC A 103 379 16 50 6 15 

LMU160L-
03 

LMSA12C B 205 759 8 50 8 15 

LMU160L-
04 

LMSA12LC B 205 759 16 50 8 15 

LMU160L-
05 

LMSA13C C 308 1138 8 50 10 15 

LMU160L-
06 

LMSA13LC C 308 1138 16 50 10 15 

Table 16: Types ofLMU160 based on the types ofSlider[32] 

Based on the design requ i rement , I a m going w i th LMSA12LC. 

24.6. DESIGN ISSUES 

• Air gap length 

• End effect 

• Edge effect 

• Effect of unrol l ing 

W h e n using a t ract ion sys tem, the airgap can be as large as 5 cm for L IM. For large 

airgaps, the magnet ic re luctance is substantial ly higher, and the magnet iz ing current is 

l ikewise larger. The operat ional p.f. is fur ther reduced by a substant ial leakage flux. The fact 

that LIM has ends dist inguishes it f r o m typical rotary motors . 

This impl ies that the travel ing magnet ic f ields are unable to link together , result ing in 

end consequences . The magnet ic pattern seems to be undis turbed w h e n the rotary machine 

is d iv ided and unro l led into the cor respond ing l inear circuit . This is only t rue for a brief per iod 

of t i m e . The condi t ion alters after a quarter cycle, wh ich is known as the impact of unrol l ing. 

The goodness factor , G, is another important design aspect . The major source of current 

for an induct ion m o t o r is d rawn f r o m the main circuit , wh ich is then t ransferred to the 

secondary circuit by induct ion across the airgap. The mechanica l energy to drive the load is 

the d i f ference be tween the p o w e r del ivered over the airgap and the rotor losses. [50] 
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25. DRAWING DOCUMENTATION 

In the drawings at tached after reference, I have at tached the technical drawings of X-

axis and Y-axis ball screw l inear actuator . Since I could not get the CAD models f r o m HIWIN, I 

have expla ined about the drawing changes to be done on the ball screw actuator . The screw 

d iameter of the X-axis l inear actuator increases f r o m 1 6 m m to 20 m m w h e r e in the w id th and 

the stroke length remains the s a m e . So, it does not affect the f r a m e const ruct ion . A n d in the 

other d rawing explains about the changes to be done in the Y-axis l inear actuator . The screw 

d iameter remains the same but only the pitch d i a m e t e r varies. 

PARTS LIST 

ITEM NO. QUANTITY NAME 

1 1 LINEAR DRIVE 

2 1 CARRIAGE 

3 1 COUPLING 

4 1 MOTOR 

5 6 M 4 X 20 

6 4 M 6 X 20 

Table 17: Parts list 
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26. CONCLUSION 

The goal of the d ip loma thesis was to design and innovate the mot ion axes of the laser 

mach ine , w i th the possibi l i ty of putt ing t h e m into pract ice. As a result, examples of 

commerc ia l l y p roduced c o m p a r a b l e machines are presented at the beginning of this work 

(save for a brief int roduct ion to the top ic of laser and laser cutting). In addi t ion to laser cutt ing 

machines , certain mode l ing mil l ing machines have been studied and c o m p a r e d , since the 

prospect ive f i t t ing of a prototype mi l l ing machine is ant ic ipated to have a rapid sp indle . Af ter 

compar ing the machines and their dr ive types, it is now necessary to choose the drive types 

wh ich possess more advantages whi le i m p l e m e n t i n g on laser machines . So, on compar i son , 

the t w o variants wh ich is been used are ball screw l inear actuator and l inear motor . 

Af ter f igur ing out the drive types, it is impor tant to work on the drive type design and 

calculat ion part. Therefore , the parameters (d iameter , length, pitch and co-ef f ic ient of end 

support bearings) wh ich is going to inf luence the design of ball screw linear actuator are 

analyzed. These parameters play an impor tant role dur ing the calculat ion part and the 

standard d imens ion for the ball screw is also detai l ly exp la ined . 

Contro l calculat ions of drives w e r e done for the machine 's X and Y axes. In the X-axis, 

the feed rate is increased f r o m 2.2 m/min to 5.8 m/min by increasing the d i a m e t e r of the 

screw f r o m 1 6 m m to 20 m m and also increasing the pitch f r o m 5 m m to 1 0 m m and in the Y-

axis, the feed rate is increased f r o m 3 . 2 m / m i n to 6 .4m/min by increasing the pitch f r o m 5 m m 

to 1 0 m m . It is now necessary to d e t e r m i n e the design changes to be done whi le on increasing 

the pitch and the d iameter . A lso , it is necessary to dec ide if it wi l l be the best to just do the 

design changes or change the w h o l e of l inear actuator . 

In the next chapter , I descr ibed about the design changes wh ich has to be done 

on increasing the d iameter and the pi tch. Other than changing the d i a m e t e r and the pi tch, 

there are really more changes wh ich has to be done to get the design done . So, cons ider ing 

that , it is better to change to w h o l e of l inear actuator . 

Talking about the next variant wh ich is l inear m o t o r has got many advantages and it is 

one of the latest technolog ies wh ich is being adapted by many industr ies. Since, the base or 

f r a m e is going to remain the s a m e , it is necessary to choose a l inear motor wh ich is of same 
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width as that of the previous one . That is the first and fo remost parameter to be cons idered . 

Based on w i d t h , L M U 1 6 0 is picked. 

Compar ing these t w o var iants, l inear m o t o r has got many advantages over ball screw 

l inear actuator . Unl ike ball screw actuator , it's a non -contact dr ive type. So, there is not going 

to be any mechanica l w e a r and there is no need of per iodic maintenance like in ball screw 

actuator . The accuracy of l inear m o t o r is higher than ball screw l inear drive. 

The design of the l inear m o t o r actuator as s h o w n in this paper is not complete ly 

comple te . The assignment 's goals for the task w e r e all sat isf ied. Different types of l inear drives 

can also be used. Rack and pinion l inear dr ive, for example , has been f requent ly e m p l o y e d in 

laser cutt ing machines . Al l of this might be the subject of future d ip loma or bachelor 's theses. 
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SECTION C-C 
SCALE 1 /4 

the diameter of the screw is increased 
from 16mm to 20mm 

PARTS LIST 
ITEM QTY PART NUMBER DESCRIPTION 

1 1 linear drive 1500 BALL SCREW 
2 1 Carriage 
3 1 couplinq 
4 1 Motor 
5 6 C5N021143M4X20 
6 4 CSN021143M6X16 
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A. 
Y-AXIS LINEAR ACTUATOR 
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SECTION B-B 

SCALE 1 / 4 

-The diameter of the lead screw remains the same 
since in the Y-axis, only the pitch diameter is changed. 
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PARTS LIST 
ITEM QTY PART NUMBER DESCRIPTION 

1 1 Linear drive 1200 BALL SCREW 
2 1 Carriage 
3 1 Coupling 
4 1 motor 
5 4 CSN021143M6X16 
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